Introduction
The traditional definition of a maternal effect, which I shall adopt, involves any influence of a mother on her offspring exerted otherwise than by direct transmission of nuclear genes. The influence may be exerted through the cytoplasm of the egg, in which case it would be determined before ovulation, or through the reproductive tract, reflecting aspects of the maternal physiology during gestation, or after birth, through lactation or some other aspect of child rearing. Whether it is cytoplasmic, or exerted through the reproductive tract, or after birth, the source of the maternal effect may lie in the mother's genetic constitution or may involve some environmental factor, which could of course include the environment to which the mother herself was exposed.
Paternal effects, similarly defined, may be exerted either through non-chromosomal sperm components, or post-natally, in the course of child-rearing. They are less common than maternal effects, both because the nucleus constitutes a larger proportion of the gamete in the male than in the female, and because in most species a larger proportion of child-rearing is done by the mother than by the father. They fall outside the scope of this paper.
Postnatal effects
Maternal effects do not necessarily lead to offspring resembling their mothers more than their fathers. With respect to IQ scores, human children show no greater resemblance to their mothers than to their fathers (McAskie & Clarke, 1976 ), yet for verbal IQ, defined by psychologists as the ability to do well in verbal IQ tests, a maternal effect has recently been demonstrated. Rose et al (1980) showed that, when subjected to such tests, the children of monozygotic twin sisters resembled each other significantly more than did the children of monozygotic twin brothers. Genetically, children of monozygotic twins are half-siblings; they make a better basis for comparison than do conventional half-siblings, because the sibships have the same expected age and size.
The female twin pairs themselves did not resemble one another in verbal IQ any more closely than did the male twin pairs, nor were their husbands any more similar to one another than were the wives of the twin brothers. The higher correlations between the scores of the children of the twin sisters therefore bear witness to the existence of a maternal effect. This may have been exerted post-natally, through the more similar patterns of child-rearing that monozygotic twin sisters might provide, or it may reflect a similarity in intrauterine environment.
Prenatal and postnatal effects can in principle be distinguished by cross-fostering studies, although there are obvious problems in applying such a method in man. The classic example involves incidence of mammary tumours in mice. Inbred strains vary with respect to tumour incidence; when reciprocal crosses between high and low strains are carried out, the incidence in the F, generation resembles that in the maternal strain. Cross-fostering experiments established that the maternal effect was exerted after birth, and further studies showed the existence of a mammary tumour virus transmitted through the milk (for references, see Grüneberg, 1952 (Young, Legates & Farthing, 1965; Moore, Eisen & Ulberg, 1970 (Brumby, 1960; Moore et al, 1970; Al-Murrani & Roberts, 1978) , rabbits (Venge, 1950) and sheep (Hunter, 1956) , it seems likely that the same route operates in women also.
Not only weight, but also anatomical characters not correlated with size, may be affected by the maternal environment provided during gestation. In mice, the number of lumbar vertebrae varies among different inbred strains, and the F, progeny of reciprocal crosses tend to resemble the maternal strain. McLaren & Michie (1958) showed that mice developing from reciprocally transferred embryos resembled their foster mothers rather than their genetic mothers with respect to number of lumbar vertebrae, thus establishing that the maternal effect was exerted through the uterus rather than through the egg cytoplasm.
These maternal effects on birth weight and vertebral type are controlled by genetic factors present in the uterine foster mother, though they may also be influenced by the environment to which she has been exposed. Other genetically derived maternal effects which still await analysis by embryo transfer include some striking effects on the penetrance and expression of genes in the progeny. Tabby mice resemble their mothers rather than their fathers with respect to whisker number (Kindred, 1961) ; for the incompletely penetrant gene Fused, more of the young are affected if the mother is phenotypically normal than if she herself is affected (Reed, 1937) ; with an agouti locus gene (viable yellow) that produces a variable phenotypic effect, ranging from yellow to agouti, the phenotype of the young depends on the genotype of the mother in reciprocal crosses, and also on the phenotype of the mother, but not at all on the phenotype of the father (Wolff, 1978 (1979) . The progeny of curly-tail mice show a high incidence of neurovertebral defects, analogous to neural tube defects in man ; when vitamin A, a known teratogen for the central nervous system, was injected on the 9th day of pregnancy the number of affected young was increased, but on the 10th day the same dose of vitamin A decreased the incidence below that found in untreated litters. This effect is particularly intriguing in view of the suggestion that vitamin supplements may reduce the risk of neural tube defects in human pregnancy (Smithells et ai, 1980 (Kacser et al, 1977) . Similar behavioural defects could be produced in the progeny of genetically normal females if the maternal plasma histidine levels were increased by dietary supplements, provided these were given during the second week of pregnancy; and the maternal effect could be prevented in his/his females by feeding them a low histidine diet (Kacser, Khin & Bulfield, 1979) . The parallel to the maternal effect exerted in human phenylketonuria (Denniston, 1963) , which can lead to mental retardation in children themselves metabolically normal, is obvious. In mice, there is genetic variation in susceptibility to the effects of maternal histidinaemia, and this genetic variation does not show any maternal effect (Kacser et al, 1979) .
The numerous teratogenic agents that can exert their effects through the maternal physiology will not be considered further, as they have been well reviewed by Morriss (1979) and are discussed by Kaufman (1981) .
Cytoplasmic influences
There is, however, one example of a response to a teratogen which is itself subject to a maternal effect that may prove to be mediated through the cytoplasm of the egg, or at least the egg mitochondria, rather than the uterine environment. The situation is again complex. On one diet, though not on another, two inbred strains of mice showed a difference in the frequency of cleft palate after treatment with 6-amino-nicotinamide (Verrusio, Pollard & Fraser, 1968) . Reciprocal crosses gave evidence of a maternal effect, in that the F, embryos resembled the maternal strain in susceptibility, and this difference persisted into the next generation when the two types of Fj females were backcrossed to one of the parental strains. A maternal effect exerted through the uterine environment and transmitted over more than one generation is in principle possible, if the uterine environment not only produces the maternal effect but also modifies the physiology of the female embryos in such a way as to alter the uterine environment that they will in turn provide for their embryos. Verrusio et al. (1968) , however, prefer an alternative hypothesis, namely that the variation in response to 6-amino-nicotinamide is due to a genetically determined difference in mitochondria, since 6-amino-nicotinamide is known to form an inactive analogue that interferes with oxidative phosphorylation in mitochondria. Along with other cytoplasmic components, mitochondria are thought to be largely if not entirely inherited from the mother, since paternal variants could not be detected in the progeny of interspecific (Hutchison, Newbold, Potter & Edgell, 1974) McLaren, 1976 McLaren, , 1979 Sherman, 1979) . There is little or no evidence for the persistence of maternal gene products transmitted through the cytoplasm after the blastocyst stage. Good evidence for the importance of such maternal gene products up to the 8-cell stage comes from studies of XO mice: since in normal XX females both X chromosomes are active during oogénesis, X-coded enzyme activity is halved in eggs produced by XO females, and this relative enzyme deficiency persists to the 8-cell stage, even though the level of enzyme activity is increasing rapidly (Monk & Harper, 1978) . Embryos from XO females have a high failure rate during the preimplantation period, a maternal effect that must be mediated by the egg cytoplasm rather than the oviduct environment, because it is still present under conditions of in-vitro culture (Burgoyne & Biggers, 1976 (Schultz, Letourneau & Wassarman, 1979 
